Waste management, informal recycling, environmental pollution and public health by Yang, Hong et al.
1 
 
Waste management, informal recycling, environmental 
pollution and public health 
 
Hong Yang,1,2 Mingguo Ma,1 Julian R. Thompson,3 Roger J. Flower 3 
1 Chongqing Engineering Research Center for Remote Sensing Big Data Application, 
Chongqing Key Laboratory of Karst Environment, School of Geographical Sciences, 
Southwest University, Chongqing 400715, China 
2 Department of Geography and Environmental Science, University of Reading, Reading RG6 
6AB, UK 
3UCL Department of Geography, University College London, London, WC1E 6BT, UK 
Correspondence to Hong Yang (hongyanghy@gmail.com) or Mingguo Ma 
(mmg@swu.edu.cn) 
  
2 
 
ABSTRACT 
With rapid population growth, especially in developing countries, the generation of waste is 
increasing at an unprecedented rate. For example annual global waste arising from waste 
electrical and electronic equipment (WEEE) alone will have increased from 33.8 million to 
49.8 million tons between 2010 and 2018. Despite incineration and other waste treatment 
techniques, landfill still dominates waste disposal in developing countries. There is usually 
insufficient funding for adequate waste management in these countries and uptake of more 
advanced waste treatment technologies is poor. Without proper management, many 
landfills represent serious hazards as typified by the landslide in Shenzhen, China on 
December 20, 2015. In addition to formal waste recycling systems, approximately 15 million 
people around the world are involved in informal waste recycling, mainly for plastics, metals, 
glass, and paper. This review examines emerging public health challenges, in particular, 
within developing countries, associated with the informal sector. Whilst informal recyclers 
contribute to waste recycling and reuse, the relatively primitive techniques they employ, 
combined with improper management of secondary pollutants, exacerbate environmental 
pollution of air, soil and water. Even worse, insufficient occupational health measures 
exposes informal waste workers to a range of pollutants, injuries, respiratory and 
dermatological problems, infections, and other serious health issues that contribute to low 
life expectancy. Integration of the informal sector with its formal counterparts could 
improve waste management while addressing these serious health and livelihood issues. 
Progress in this direction has already been made in several Latin American countries where 
integrating the informal and formal sectors has had a positive influence on both waste 
management and poverty alleviation.  
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INTRODUCTION 
With rapidly increasing populations and unprecedented urbanization rates, waste 
generation is growing rapidly, particularly in cities and especially in emerging countries. 
Effective waste management, especially of toxic material, is a major challenge for global 
sustainable development.1 A range of methods are available for the disposal or treatment of 
waste including landfill, incineration, composting and recycling. Landfill remains the most 
widely used approach in the developing world due to its low cost. However, improper 
management can result in major health and environmental problems. Particular emerging  
hazards are dangerous and poorly managed landfill slides.2 For example, management 
failures led to the collapse of a landfill in Shenzhen, China on December 20, 2015 that killed 
73 people.3, 4 A similar collapse in Bandung, Java, Indonesia, in February 2005 was 
responsible for 140 deaths.5   
The formal, government funded, sector is responsible for most waste collection and 
treatment services in developed countries. However, in many developing nations limited 
resources means that the formal sector cannot keep pace with rapid expansion of waste 
production. The informal sector (the so called waste pickers and scavengers in some 
countries) has grown as a result. Informal waste recyclers collect, transport and trade waste 
in almost all developing countries.6 It is estimated that the informal waste sector supports 
around 15 million people, particularly within large and relatively wealthy cities.7   
Informal waste recyclers are subsistence workers using relatively primitive technologies to 
process and recycle a wide variety of waste material from food waste to heavy metals. They 
can play a key role in recycling material but poor regulation often results in increased 
environmental pollution through release of an array of secondary pollutants.8 Insufficient 
occupational health exposes informal waste recyclers to a host of health damaging factors.4 
With rapid urbanization and the diversification of waste, especially waste electrical and 
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electronic equipment (WEEE), health risks facing informal waste recyclers from toxins is 
increasing. These concerns are exemplified by growing health-related problems facing waste 
workers in Guiyu, South China, the so-called “electronics graveyard of the world”.9  
Some studies of informal waste recyclers10-12 and WEEE13-15 have been undertaken whilst 
plastic waste pollution, particularly microplastics, have  received more attention recently16, 
17. The current study focuses on important emerging public health challenges facing informal 
recyclers, particularly in developing countries. It also outlines the future challenges for the 
informal waste sector.  
INCREASING WASTE PRODUCTION WITH GROWING POPULATIONS 
AND EXPANDING URBANIZATION 
Waste is continuously generated by human activities. Sources of solid waste include 
industry, construction, commerce, the services and domestic sectors and individual 
households. The nature of the waste generated will vary from location to location and 
through time in response to the dominant human activities taking place. It is estimated that 
globally approximately 11 billion tons of solid waste was produced in 2011.18 Increasing 
populations, rapid urbanization and economic development in emerging countries mean 
that waste production is increasing at an unparalleled rate. China and India are the most 
populous economically emerging countries and waste problems in their urban and peri-
urban areas are amongst the most acute. Municipal solid waste frequently exceeds society’s 
capacity for safe management.19 Expanding urban infrastructure, for example roads, bridges, 
and rapid transport systems are generating increasing volumes of construction and demolish 
wastes (CDW). For example, 87,000 m3 of CDW was produced during construction of Futian 
station, Asia’s largest underground station, in Shenzhen, China, the city where the 
calamitous landfill slide occurred in 2015.3   
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Rapid development of information and communications technology 17 means that, globally, 
WEEE is one of the fastest growing wastes.20 In 2014 around 42 million tonnes of WEEE was 
generated worldwide.21 Despite low average per capita WEEE generation of only 3.7 kg year-
1, Asia was the largest continental contributor, accounting for nearly 38% of global WEEE (16 
million tonnes in 2014). Whilst between 2010 and 2018 the global population is projected to 
have increased by around 8%, total and per capita WEEE generation are set to grow by 
approximately 47% and 34%, respectively (Figure 1).21  The increasing severity of problems 
associated with WEEE disposal in both developing and developed countries is creating both 
governmental and the public concern. 
 
 
Figure 1  Increasing global production (total and per capita) of waste electrical and electronic 
equipment (WEEE) and human population: 2010–2018. (Note: Data are from reference 21) 
 
An additional concern is overuse of plastics and resulting plastic waste. Worldwide plastics 
and polymer consumption has grown at an average rate of 10% per year since the 1990s.17 
Rates of increase are particularly large in emerging economies. Approximately 275 million 
tons of plastic waste was generated in global coastal cities in 2010 with China contributing 
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more than 25% of this total. 16 It is estimated that between 4.8 and 12.7 million tons entered 
the ocean in 2010. Without improvements in waste management, generation of plastic 
waste is expected to grow by an order of magnitude by 2025. Risks associated with plastic 
waste, especially microplastics (plastic debris <5mm diameter), to marine wildlife and 
human health are growing concerns amongst researchers and the public alike.22  
INFORMAL WASTE RECYCLING 
Lack of funding within rapidly expanding cities of many developing countries results in 
extensive informal waste recycling. In contrast to the formal sector, informal waste recycling 
is undertaken without government financial support and may not be recognised by the 
public as providing a valuable service.23   
In common with formal waste management, the informal sector comprises players at the 
different stages of waste recycling (Figure 2).17 For example, waste pickers choose and 
collect valuable items from locally sourced household, commercial and industrial waste or 
from waste imported from overseas. These waste pickers form the base of the informal 
waste sector (Figure 2) and are characteristically from poor, disadvantaged, vulnerable 
and/or marginalised social groups.17 They are characterised by low levels of organization, 
technology and capital, as well as non-compliance to rules and regulations related to tax, 
minimum wages, workers safety and environmental protection. Although informal waste 
recycling is not usually recognized as a legal occupation in many countries, it provides large 
societal benefits in terms of waste management and lessening pressure on resources used in 
the production of material goods.24  
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Figure 2  Involvement of informal waste recyclers in waste management. (Modified from 
reference 51).  
Informal waste collectors sort and collect valuable waste from industry, the commercial and 
service sectors, households, imported waste and landfill sites. Sorted waste is transported 
and sold to both government and non-government funded transfer stations. In non-
government funded transfer stations, informal waste recyclers further sort waste and 
identify and extract valuable recyclable material. 
 
It is estimated that more than 15 million people are involved in informal waste recycling, 
mostly in developing countries.7 China has the largest number 11, 25 and between 0.6% and 
0.9% of the urban population, or 3.3–5.6 million people, are involved in informal waste 
collection and recycling activities in Chinese cities.11 In Shanghai alone the informal recycling 
sector involves nearly 200,000 people and accounts for approximately 17–38% of municipal 
recycling activities.  
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MATERIALS RECYCLED BY INFORMAL WASTE RECYCLERS 
Although there are variations between regions and countries, materials most frequently 
recycled by the informal sector are paper and cardboard, scrap metal (especially aluminium, 
steel, tin), glass, plastic (polyethylene terephthalate, PET) bottles, rubber, wood, textiles and 
food waste.6 Metal, paper and PET are usually preferred due to their large recycling 
potential and long life spans. 
WEEE makes up a growing proportion of waste recycled by the informal sector due to the 
potentially high value of material that can be recovered. However, recycling methods and 
poor occupational health means that WEEE poses some of the largest health risks to 
informal recyclers.13 Informal WEEE recycling activities are widespread and are undertaken 
in many places around the world although toxic exposure patterns vary according to 
recycling methods and processes. A notorious example of informal WEEE recycling is Guiyu, 
an agglomerate of four villages in Guangdong, South China (Figure 3, a). Since 1995, nearly 
6000 family workshops have processed approximately 1.6 million tons of WEEE annually.9, 26 
Guiyu has become the world’s largest WEEE dismantling and recycling site. Workers 
manually break open electronics and strip away parts for reuse including chips and valuable 
metals (Figure 3, b and c). Workers “cook” circuit boards to remove chips and burn wires and 
other plastics to liberate metals such as copper. Highly dangerous acid baths are used along 
the riverbanks to extract gold from microchips (Figure 3, d).   
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Figure 3   Informal waste recyclers working on waste electrical and electronic equipment 
(WEEE) and associated environmental and health risks in Guiyu, China.  
(A) Guiyu in Guangdong, South China; (B) WEEE are preliminarily processed by hand; (C) 
Primitive  technology is used to extract valuable heavy metals from WEEE; (D) The river in 
Guiyu is polluted by secondary waste produced by WEEE recycling; and (E) Families live near 
WEEE recycling works with poor protection from associated dangers to health. 
Image credits: B, C, D, E are reproduced with permission from www.tuchong.com.  
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Plastic, especially bottles, is easily collected and sold by informal recyclers. In many cities, for 
example Delhi and Beijing, waste plastic trading is well established with many processing 
units.17 However, most of this plastic is recycled in a crude manner by informal setups.  
Elements such as heavy metals, bromine, and antimony are added to polymers as pigments, 
fillers, UV stabilizers, and flame retardants.17 Inappropriate recycling of plastic waste risks 
contamination by such additives. 
ENVIRONMENTAL POLLUTION 
Crude methods with insufficient environmental protection can generate secondary 
pollutants. Environmental pollution from informal waste recycling is diverse in toxicants and 
levels of exposure, contaminating air, water and soil. 27-29 Contamination is widespread and 
can reach extremely high levels near to informal recycling sites. Toxic heavy metals, for 
example lead (Pb) and chromium (Cr), and persistent organic pollutants (POPs) including 
polycyclic aromatic hydrocarbons (PAHs) and brominated flame retardants are common 
contaminants.13  
In Agbogbloshie, a WEEE processing site in Accra, Ghana, the average soil concentrations of 
Pb (953.21 mg kg-1) , Cr (296.60 mg kg-1), barium (Ba) (627.66 mg kg-1), and copper (Cu) 
(1387.96 mg kg-1) far exceed regulatory limits, for example the world-wide-accepted  Dutch 
and Canadian standards. 30 Similarly, in Mandoli, Delhi, India, concentrations of heavy 
metals, particularly Cu (115.50 mg kg-1), Pb (2645.31 mg kg-1) and zinc (Zn) (776.84 mg kg-1), 
in surface soil of WEEE recycling sites were much higher than those in reference sites. 31 
Concentrations of total mono- to hepta-brominated diphenyl ether homologues in soils near 
WEEE dumping sites in Guiyu, China, were 1140 and 1169 µg kg-1 dry wt, approximately 10–
60 times higher than in any other contaminated sites.14 Cu, Pb and Zn were the most 
abundant metals and their concentrations exceeded the new Dutch list action values of 190 
mg kg-1 at most sites (Table 1).14 This environmental pollution has drawn wide attention and 
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Guiyu has been selected as one of China’s first pilot circular-economy sites to mitigate 
contamination and improve WEEE recycling.32  
Table 1  Average concentrations of heavy metal samples collected from Guiyu, South China 
(unit: mg kg-1) 
Sites  Pb Cu Zn 
Soil  Burnt plastic dump sites 104.2 490.7 241.5 
 Waste printer roller dump sites 189.9 711.9 - 
River sediment  94.3 531.2 240.1 
Note: Data are from reference33 which provides details on sampling and laboratory 
measurements.  
 
HEALTH ISSUES  
A wide range of health issues confronts those involved in the informal waste sector (Table 
2). Working on waste dumps and landfill sites is inherently dangerous and there are frequent 
accidents including fires, explosions and, as at Shenzhen, debris slides.4 Most informal waste 
recyclers do not wear protective equipment such as gloves and boots because of their 
relatively high costs and lack of risk awareness. Recyclers often prefer to work barehanded 
for greater tactility but risk sharp trauma 7 especially from glass and hospital waste 
containing syringes (Table 3).24, 34 Pickers are often in direct contact with toxic materials as 
well as human/animal wastes.  
Health risks to informal waste workers and their families associated with heavy metals has 
drawn particular attention. High blood concentrations of lead have been found in recyclers 
working in landfills.35, 36 Lead and dioxin related-compounds have been discovered in higher 
concentrations within the breast milk of female waste recyclers.37 Children and developing 
foetuses are particularly susceptible to heavy metal effects (Figure 3, e). For example, the 
stillbirth rate in Guiyu was 4.6 times that of control sites, while blood lead concentrations in 
neonates were 4.8 times the control.9  Exposure to hazardous plastic additives including 
brominated flame retardants (BFRs) and heavy metals are all implicated in nervous and 
reproductive system problems, behavioural changes and cancer.38 
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Informal waste workers are also prone to inhaling gaseous emissions, bio-aerosols and 
micro-organisms (i.e. automobile fumes, dust, mould, and fungi). Waste pickers in landfills 
can be exposed to gas emissions including methane (CH4) and hydrogen sulfate (H2S), as well 
as vehicular emmisions,39 causing respiratory, dermatological  and eye problems.24 They are 
also more prone to common illnesses (flu, bronchitis, ulcers and others), musculoskeletal 
difficulties and vermin transmitted disease.34, 40  
Insanitary working conditions and lack of washing facilities mean that informal waste 
recyclers can transport toxic materials to their homes and families.34, 41 Waste dumps and 
landfills are breeding grounds for pathogenic organisms responsible for dengue, 
leishmaniasis, diarrhoea, typhoid, anthrax, cholera, malaria and a variety of skin disorders 
(Table 2).  
In addition, most informal waste workers and their families are marginalised and suffer 
social exclusion.7 Coupled with financial insecurity, perceived shame and humiliation, this 
can lead to severe psychological damage7 which in turn has wide-ranging implications for the 
local communities.  
 
Table 2  Key health hazards for informal recycler communities 
Health hazards Description 
Chemical Toxic chemicals (e.g. heavy metals and brominated flame 
retardants). 
Hygiene Lack of hand washing facilities or proper toilets. 
Disease Headache, respiratory issues, dermatological problems, eye 
infections, flu, bronchitis, ulcers, high blood pressure, 
musculoskeletal injuries (i.e. chronic back ache and soreness in 
arms, legs and shoulders), typhoid fever, tuberculosis, dysentery, 
poliomyelitis, malaria, dengue, leishmaniasis, diarrhoea, anthrax, 
cholera. 
Accident Falls and others leading to cuts and bone breaks, fires (from burning 
of waste), explosions, landfill slides 
Psychological Insecurity, perceived shame, humiliation. 
(Modified from references 7, 17, 24, 34, 40) 
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Table 3  Symptom / health concerns and the causes of cuts / other injuries reported in a 
survey of informal waste recyclers in Bangkok, Thailand  
Symptom / health 
concern 
Percentage of 
participants 
Headache 36.0 
Diarrhoea 12.8 
Respiratory related 8.4 
Skin disease 5.1 
Other 2.0 
Cuts or injuries 
from: 
 
Glass 88.2 
Needle 72.7 
Metal 24.9 
Bamboo 30.3 
(Note: Data from reference42 which provides details on patients and survey) 
 
MEASURES TO IMPROVE THE WELLBEING OF INFORMAL WASTE 
RECYCLERS 
There is range of policy, economic and industrial hygiene measures that can improve the 
wellbeing of informal recyclers. Green chemistry, improved recyclability of products and the 
removal of toxicants before recycling are fundamentally important.43 Poverty alleviation 
through adequate funding of the services provided by informal recyclers is a necessity. 
Hence, modernising waste management systems will need to increasingly consider informal 
waste systems.11 
Proper landfill management is important to prevent scavengers accessing toxic waste sites. 
In addition, new low-cost technologies developed to minimize health risks during waste 
recycling need to be adopted by the informal sector. An example is salt water floatation for 
separating plastics containing toxic BFRs.44 Governmental or NGO funding can provide 
equipment such as battery-driven handcarts, hand tools, safety wear and uniforms.45 
Uniforms and ID cards formalise the appearance of informal workers and thereby foster a 
better relationship with the public that can build self-confidence and self-esteem amongst 
informal workers.34 
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Government training of informal sector workers can provide more professional recycling 
knowledge, such as standardised classification and processing methods for different waste, 
the laws and regulations concerning recycling and development plans for recycling systems. 
In China, relevant new regulations and laws have been implemented. For example, the Law 
on Circular Economy Promotion (effective from 1/1/2009) includes a legal framework for 
waste reduction, reuse and recycling whilst China’s new Environmental Protection Law also 
highlights waste management.46 In this July, China released the regulation to gradually stop 
to import soil wastes, especially WEEE. Strict enforcement of such laws and regulations by 
both formal and informal recyclers will be indispensable in improving waste recycling and 
protecting workers.47  
The creation of cooperatives and associations by informal recyclers has proven to be 
effective. The strengthening of these cooperatives and group networks can facilitate transfer 
of knowledge regarding proper waste handling and processing, related regulations and laws, 
environmental protection, sanitation, hygiene and health.7 Such cooperatives also legitimize 
the work as a public service, allowing social programs, such as extended health care and 
childcare, to be funded. In some countries these cooperatives have combined into larger 
regional or national movements.48 In Pune, India, SWaCH (Solid Waste Collection and 
Handling), a cooperative of approximately 1,500 waste pickers, serves 200,000 households.45 
In Brazil, Coopamare is one of the most successful cooperatives 49 and the country has one 
of the largest and best established national movements of waste pickers.6, 48  
There are characteristically more women than men working in the informal recycling sector. 
Support for the sector should, therefore, reflect this gender imbalance. For example, 
Women in Informal Employment: Globalising and Organising (WIEGO), is a global action 
research-policy network and waste picker support organisation focussed on women in the 
informal waste sector.48 WIEGO has been actively involved in the First World Conference of 
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Waste Pickers (2008), the Third Latin American Conference of Waste Pickers (2008) and the 
National Day of the Waste Picker in Colombia (since 2008).  
COLLABORATION BETWEEN INFORMAL AND FORMAL SECTORS 
 Efforts have been made to integrate the formal and informal waste sectors. Effective 
integration can increase recycling rates, improve livelihoods and occupational and 
environmental health, as well as reducing waste management costs. Research in Brazil, 
Egypt, and India has demonstrated that integration can  increase informal sector revenues 
and reduce total waste system costs for the formal sector.45 A study of the state-of-the-art 
“InteRa” model for integrating the informal sector within waste management systems in 
developing countries found similar win-win outcomes.50 Successful development of 
integrated systems requires involvement of a wide variety of stakeholders beyond the 
formal and informal waste management sectors including federal, state and local 
governments, environment / development agencies and NGOs, academics, and financial 
institutions.49,51 
CHALLENGES AND FUTURE RESEARCH 
Improving the health of those involved in the informal waste sector is a major challenge. 
International collaboration, for example thorough the Sustainable Development Goals 
(SDGs), will be vital for improving waste management, including addressing environmental 
pollution problems, and for enhancing wellbeing of informal waste recyclers. Whilst there 
are promising schemes  for integrating the informal sector with formal waste management , 
especially in Latin America45, these are still in their  infancy in many countries. Probably the 
biggest challenges are to raise awareness of the issues facing the informal sector and to 
change attitudes to waste pickers in many traditional cultures. Governments and the media 
need to acknowledge the often vital contribution the informal sector can make to waste 
recycling. Changed attitudes would contribute to establishing support schemes for workers, 
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better integration of informal workers in waste management and establishing professional 
informal sector recycling enterprises.45 
Current regulatory trends and capital investments pave the way for large recycling firms to 
operate. One result is that small players become excluded from the industry. Increasing 
pressure for automation and updated sorting techniques make it much more difficult for 
small enterprises to compete and informal workers are excluded from waste sites. There are 
clear health and safety benefits but displaced informal workers need to be either 
incorporated into new business schemes or be compensated to help alleviate poverty.  
Waste management decisions should also take into account who would most benefit from  
the revenues from recyclables and how to improve disposal of non-recyclable, often toxic, 
material.11 High market prices can boost incentives for informal recycling and increase 
collection rates of recyclable material, while also benefitting the livelihoods of many 
individuals through employment. Conversely, low prices are challenging for informal waste 
recyclers.  
CONCLUSIONS 
With increasing populations and economic development, the quantity of waste being 
generated is rapidly increasing, creating an array of management and environmental issues. 
In many developing nations, insufficient funding for the formal waste sector means that 
globally around 15 million informal waste workers sort, collect, transport and trade waste. 
This informal sector makes major contributions to waste recycling and reuse. Heavy metals, 
plastic and paper are the main targets for informal waste recyclers. Unfortunately, relatively 
primitive recycling methods are responsible for major environmental pollution and human 
health problems. Some efforts have been made to integrate the informal waste sector with 
the formal sector, especially in Latin America. However, in many countries, the informal 
sector is still regarded as undesirable and often a nuisance despite the services it provides. 
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Raising awareness of the valuable contributions made by the informal sector and changing 
public attitudes to those involved is needed in many countries. International collaboration, 
for example thorough the Sustainable Development Goals (SDGs), will be indispensable for 
improving waste management and the wellbeing of those participating in informal waste 
recycling. 
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